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Evolution Social Network is a social network with dynamically updating. 
The development of communications and the development of Internet interaction 
platform technologies have made it very easy to exchange information. 
Usually in these platforms, the structure of social network is highly dynamic, and 
their inner structural feature is richer than traditional network. Research about 
Evolution Social Network is still in early stages, but a great deal of achievements 
about static network and graph theory can be incorporate into it. Based on a lot of 
related analytical model, this paper analyzed evolution social network in theory and 
studied it in experiment. 
A new framework about evolution social network analysis, a new method about 
social network change detection and a new method for social network communities’ 
partition have been proposed here. All the work in this paper can be s summarized 
below: 
1. A new framework about evolution social network analysis has been proposed. 
Based on factor model, it optimizes the connection eigenvector, rebuilds the 
connection matrix and calculates the evolution index. 
2. A new definition from probabilistic perspective about evolution social network 
has been proposed. Based on the definition, this paper proposed a probabilistic factor 
model for calculating the evolution index. 
3. A new method based on probabilistic methodology for social network 
community partition has been proposed. Followed with heuristic algorithms in 
correlation clustering, this paper divided the communities and evaluated the result. 
In the foundation of above theoretical analysis, Experiments in random datasets 
and real-world datasets has been put into practice. Experiments show that, 
Event-Detect algorithm Prob-Event-Detect algorithm effectively detected structural 
transformation in evolution social network. In comparing experiments, 

















Lastly, the research is summarized and the future extensions of the relevant study 
are presented. For example: time-space model in evolution social network, expanding 
connection model in evolution social network and evolution social network with 
relationship. 
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静态的网络，例如蛋白质交互网络 (protein-protein interaction network)[1] 和












致社会网络的消亡，在社会化推荐应用中，该问题称为冷启动 (cold start) 问题[3]，
即没有个体参与或者少量个体参与的情况下，系统会因为没有足够的社会化数据
                                                 

















WeChat) ，个体的参与是通过信息发布和评阅体现的，例如在 WeChat 的朋友
















































社会网络是由个体成员或结点 (Node) 和成员关联 (Connection) 组成的。
成员关联具有多种含义，例如人类社会网络中的朋友及亲属关系，在线社交网络
中的互相关注，或者单向的好友关系。图 1-1 是一个小型的社会网络，这个网络
包含了 9 个结点，13 个成员关联，利用了 Fruchterman 和 Reingold 提出的
Force-based 算法对进行布局[4]，该网络的核心节点为 𝑉(4) 。 
 
 
图 1-1 一个简单的社会网络 
 
将这个社会网络表示为一个关联矩阵 (Connection Matrix)  (有时候也被称

















表 1-1: 网络的关联矩阵 
 1 2 3 4 5 6 7 8 9 
1 NA 1 1 1 NA NA NA NA NA 
2 1 NA 1 NA NA NA NA NA NA 
3 1 1 NA 1 NA NA NA NA NA 
4 1 NA 1 NA 1 1 NA NA NA 
5 NA NA NA NA NA NA NA NA NA 
6 NA NA NA 1 1 NA 1 1 NA 
7 NA NA NA NA 1 1 NA 1 1 
8 NA NA NA NA 1 1 1 NA NA 




互的强弱；标号 (labelled) 网络中，符号用来标记成员和成员关联；有向 (directed) 
网络中，成员之间的交互是有方向的，例如在 Weibo 中，用户 𝑢 关注 (follow) 






定义 1.1：演化网络 (evolution network) 是一个三元组 𝐺 = (𝑉, 𝐸, 𝑇) ，其中： 
1、 𝑉 表示网络中结点集合 (或成员集合) ；  
2、 𝐸 表示网络中结点之间的关联集合； 
3、 𝑇 是演化中的时间序列。 
在演化网络 𝐺 中，若 (𝑣, 𝑢) ∈ 𝐸 ，则称结点 𝑣 和 𝑢 存在关联。 
定义 1.2：演化网络的快照 (snapshot) 是在连续的演化网络中，按时间序列 
𝑇 抽取的网络序列 (若无特别说明，本文中 𝑇 都表示均匀间隔的时间序列) ，















定义 1.3：关联强度 (strength of connection) 𝑟(𝑢,𝑣)
𝑡  用于描述结点对 (𝑢, 𝑣) 之
间在快照 𝑡 时刻的关联紧密程度： 
 𝑟(𝑢,𝑣)
𝑡 = 𝛨(𝑢, 𝑣, 𝑔𝑡) (1-1) 
其中 𝐻(∙) 是关联强度函数。对于静态网络，当直接给出边权重且交互行为
在 𝑡 时刻只发生一次，则可以直接将权重作为关联强度，其他情况下可采用领
域重叠度 (neighborhood overlap) [6]或隐含变量 (latent variable) [7]进行估算。本文
第三章将进行进一步讨论演化社会网络的关联强度计算方法。 
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𝑡 包含大量缺失值 𝑁  。 
 






𝑔𝑡 𝑡 时刻的网络快照 
𝑢    𝑣 网络中的结点 
𝑟(𝑢,𝑣)
𝑡  or 𝑟(𝑢, 𝑣) 结点 𝑢  和 𝑣 在 𝑡 时间片段的关联强度 
𝑀𝑟
𝑡 𝑡 时刻的关联强度矩阵 (邻接矩阵) 
   网络的演化指标差序列 
 
本文中，网络符号的定义沿用了图论相关定义的形式，并根据具体问题进行























性 (betweenness) [12]和可达性 (reachability) [13]等等。 
2、社团发现：在不同的领域或背景下，社团有时也被称为群组 (groups) 、
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